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Physics [llsticute, Tokyo BU1lrika Daigaku. (Received May 1, 1947) Summary. As an adequate approximation in case of strong coupling between nucleons and mesons we have Wentzel's method in which solutions are obtained as a power series of the reciprocal of the coupling constant. This method has been discussed ill detail by one of the authors(l) (5. T.) who treated charged longitudinal mesons as an example. In this paper
We apply this method to the symmetrical mesons. (2) The principle of the method is the same as the case of the charged longitudinal mesons, we have presented only the main results of our calculation. Also the scattering of mesons by nucleons has been treated by this method. § 1. The fundamental equation and its transformations.
The Hamiltonian of the system of symmetric longitudinal mesons and a nucleon at the origin of the coordinates is written as follows:
(1) ...
Here l' means the isotopic-spin vector of the nucleon, G is the coupling con-.. These calculations were carried out several years ago, and the contents of this paper were read at the Annual Meeting of the Japan Physico-mathematical Society at Tohoku Imperial University, on July 1'7, 1943, but the wartime trouliles prevented us from pubIisuing it. In the meanwhile, the strong-couplmg theory was extended by Pauli and his colaborators, and the same problems as ours were treatcd by Serbcr and Dancoff. (Pays. Rev., 63 (1934) , 14:t Though they worked out the calculations using the ordinary coordinate space, antI ours are based on the mOllle'1tUnl space, the essential contents are, of course, the same. But our calculations were alsp rigorously carried out to the vihrational states, and the scattering cross-section was obtained by our method.
(1) S. Tomonagn: Sci. Pap. I.P.C.R., 39 (1941), 247; Bull. l.P.C.R. 22 (1943) stant, tp the function of interaction including a cut-off factor, and normalized as J tp~dk=I, and a and b are the coordinate vector and its conjugate momentum of the field. Kis (k~+%~)"" and % the rest m).5S of the meson.
As easily seen, the part of the field interacting directly with the nucleon is lit = J tpadk. It is the component of a parallel to tp in the functional space, and the component perpendicular to tp interacts with the nucleon only through the non-diagonal elements of the first term of the equation (I'. Therefore we separate these two parts in the following manner ;
Then a l and hI are conjugate variables with respect to each other. but A and B have the followmg commutation relations:
They are conjugate variables in the subspace perpendicular to tp.
Corresponding to the above separation, the angular momentum in the isotopic-spin space can be separated as follows:
where ths z-component of ~ + L means the total charge of mesons. The part ~ is closely related to the charge of the nucleon, the z-component of which being called the charge of the bound mesons, and the z-component of L is the charge of free mesons.
As it is seen from the definition, Lt is perpendicular to lit-This corresponds to the fact that, in case of a diatomic molecule, the rotational angular momentum is perpendicular to the axis itself.
In fact, the total ... is parallel to the axis ah and the "rotational" angular momentum Lit which is perpendicular to the axis. From this fact, we can obtain an expression analogous to a diatomic molecLlle to the energy of the nucleon as a function of J. It is the purpose of the following calculation to justify this point of view by making use of the Wentzel's method.
We express at by the polar coordinates Y, 0, fIJ and then introduce the rotating coordinates ~, 71, , moving with a l • (is in the direction of a h ~ is directing to the south along the meridian passing through a, and ' 1) is to the east along the latitude. In this coordinates system the Hamiltonian (1) is written as follows:
where P~=Pe-l.,.., p~=p,,-cosOLr.+sinOL'f.
In these equations PrJ Po, P" are the conjugate monlenta of r, 0, fIJ. and 't + in the equation (6) is the (-component of • and it is not diagonal. It is transformed into diagonal form by the following operator:
Then the transformed Hamiltonian H-Srl-Iy-1 S-1 has the same form as (6), by only replacing p;, p~ with the following ones respectively:
P~=Pe-( + . .,..+L.,..).
(7 )' and the spin operator Z"t is 110W represented by a diagonal matrix.
In the equation (6), the term which contains the spin operator 't is -Gn t . This means that the states 'r" = ± 1 have the potential energies + Gr. Therefore the equilibrium positions in these two states lie at r-± G and the potential energies are then =1= (;2 respectively. The energy difference between them is large, and it is the order of (;2. We can therefore separate these two states in the zeroth approximation when G is large enough; in fact, as Wentzel showed, the perturbation energy of the mutual coupling between them does not exceed the order G-2 • Hence, in the limit of approximation of the order G-2 , we are allowed to separate these two levels completely and to put ' Z' " = 1 or -1 in these two states respectively. As we are interested only in the lower stationary state, we must take the former. In this state the nucleon spin is parallel to~. This is in the same circum stance as the separation of electronic terms in a diatomic molecule, as easily seen from the above discussion. 
where (12) The factor G1';. +t}lt in the denominator of the last term in (11) means that the axis changes its lengt't in the course of rotation, but we can neglect such a small interaction between the vibration and the rotation as in the case of a diatomic molecule. The correction, if necessary. can be treated a'> perturbation. Then the last term in (11) includes the terms of order C?, G-1 and G-2 • To calculate these quantities, we call attention to the fact that the angular momentum L, by the transformation (10), has the following form
where Ii is given by the definition (5) In this equation we have omitted aU higher terms of C-1 • § 2. The vibrational terms.
{.8\(P8-L~)+(P8-L~)Bt+ co~O B~
Next, we want to get the normal vibrations of the vibrational term, that is, the term of the order CO. Let us call mesons polarizing in ~, ~ directions as .. tangential" mesons, and those in ,,~irection as radial mesons. The normal vibrations of the radial mesons are plane waves, so the radial mesons are not scattered in the approximation of G6.
The vibrational term of the tangential mesons is (16) for ~-<:omponent and the similar expression for ~omponent.
We can obtain the normal mode of the tangential mesons as stationary solutions of the following-equations of motion:
By eliminating B from these equations, we obtain the following equation for a stationary solution A=rjJe tP1 :
Its solution can be written as a sum of a plane wave and a diverging spherical wave:
where (20) From the equation (19) we get the scattering cross section of the tangential mesons by nucleons:
On the contrary, the scattering <:r-osssection of the radial mesons are zero. Let us now transform the vibrational term into the normal form by the following transformation from A (k), B(k) to FCp), G(p). Let us define the real transformation~function (k Ip) by the following equation:
The orthogonality relation is obtained from this equation by a simple calculation, and we normalize it by the relation
Then we transform A, B by the following relations:
Oil Welltcel's Mtthod ilz tlte Mesoll Theory.
Then the new variables F, G are calculated (rom the old ones as follows:
The commutation relation of F, G. is obtained from the above equations by making use of the commutation relation (4) between A and 0, and the relation (22):
that is to say F and G are conjugate with each other.
In the next place, we must transform the energy operator into new variables. The calculation is straightforward. In the first place, we have, by (22),
In the next place.
Jedk+Yi lH
where we have repeatedly used the relation (22). Thus the transformed energy operator has the followjng normal form: § 3. The rotational term.
The Hamiltonian (15), expressed in the new variables .Fi. F'I and Gu G"I defined in the preceding section and F'C. G'C * defined by has the following form: 
where B~ are given by (25) and the similar formula for B"I' and the angular momentum L' must be expressed in the new variables. The purpose of calculation in this section is to obtain the expression for isobar energies as the function of the isobar charge. that is. the proper charge of the nucleon and the charge of bound mesons For this purpose. we assume there are no free mesons present and calculate the expectation value of the energy to the order G-2 • In doing so. the linear terms in (2b) must either be treated as perturbation or eliminated by a suitable transformation. Let us here take the latter way. As the generating function of the transfomlation we take the following one: 
